Objective: To review the literature on the perinatal risks involved in untreated depression during pregnancy.
T raditionally, pregnancy has been thought of as a period of well-being and happiness. The pregnancy state itself has been thought to protect women from depression (1, 2) . However, women of child-bearing age frequently suffer from major depression (3, 4) . Lifetime depression risk estimates in community-derived samples have varied between 10% and 25% of pregnant women (5) (6) (7) . Two recent studies that screened obstetric patients at random for depressive symptoms found that 20% of patients actually met criteria for a diagnosis of depression (8, 9) . Antepartum depression is also common in women with a history of depressive illness, such that some researchers now believe pregnancy to be a risk factor for a mood disorder in those with such a history (10) (11) (12) .
Despite the prevalence of depression during pregnancy and the growing body of literature associated with its treatment, whether pharmacologic or otherwise, large numbers of women are untreated. A 2003 study by Marcus and others found that 1 in 5 pregnant women experience depression but that few seek treatment (12) . This large study of 3472 pregnant obstetric clinic patients revealed both underdiagnosis and undertreatment of depression during pregnancy: 20% of obstetric patients scored high on the Centre for Epidemiologic Studies Depression Scale (CESD). Although CESD scores do not by themselves diagnose clinical depression, only 13.8% of these women were receiving any form of mental health care. The remaining 86.2% of women with depressive symptoms were not receiving any treatment at all (defined as medication, psychotherapy, or counselling). Over one-half of the women in the study had been taking medications for depression and had stopped once they conceived. These results are similar to another 2003 study, which found a 20% depression rate in random screening for depression among pregnant women in a hospital obstetric setting (9) . In that study, fewer than 21% of the women with depression were receiving treatment. The Marcus and others study concluded that the stigma of having depression during pregnancy may prevent women from seeking active treatment-women may feel guilty for suffering during what is supposed to be a happy period (12) . In this review, our objective was to summarize the state of knowledge about depression during pregnancy. We focused on some of the major consequences of untreated maternal depression.
Methods
We searched Medline and medical texts for studies pertaining to depression during pregnancy published up to the end of April 2003. We included the MeSH phrases depression and pregnancy, depression and pregnancy outcome, and depression and untreated and pregnancy. We reviewed only English-language papers. We restricted the review to original human and animal studies and did not consider case reports or letters to the editor. We excluded studies dealing with bipolar depression.
Etiology of Poor Pregnancy Outcome in Depression Patients
Depression has been recognized as a disease that affects fetal health (13) . Although both psychological and biological explanations have been proposed, hormonal hypotheses have received the most attention. Depression has been associated with hypothalamo-pituitary-adrenal (HPA) axis hyperactivity. Maternal stress, anxiety, or depression, which are regulated by peptides derived from the activated HPA axis (14) (15) (16) (17) (18) (19) , are all thought to influence birth outcome. This increased HPA-axis activity may directly affect fetal growth. Maternal depression may not only activate the mother's HPA axis; it may in turn cause an increase in the release of corticotropin-releasing hormone (CRH) from the placenta via the actions of catecholamines and cortisol. CRH may also influence the timing and onset of delivery, which could explain why women suffering from depression show higher rates of premature labour (16, 17) . Animal studies have found that stress during pregnancy is associated with dysfunction of the HPA axis and subsequent abnormal development of fetal tissue (10, 18, 20) . An alternate hypothesis asserts that depression alters excretion of vasoactive hormones and neuroendocrine transmitters, which then induce vascular changes in a pregnant woman (21) .
To support the HPA-axis hypothesis of depression's impact on pregnancy, the relation between mood changes and obstetric experience and alterations in plasma cortisol, betaendorphin, and CRH were examined in 97 women (18) . Plasma levels of these hormones were obtained throughout pregnancy, at delivery, and postpartum. Mood disturbance rates were highest at 38 weeks' gestation, while plasma hormone levels rose throughout the pregnancy and peaked before labour. Cortisol, beta-endorphin, and CRH climbed significantly throughout the pregnancy and were highly correlated to one another. Those women with the highest clinical depression scores were given significantly more pain relief during labour. This may also be related to endorphin levels, which rise throughout pregnancy and fall dramatically during delivery. In line with previous studies, higher rates of mood disturbance were found in the late antenatal period than in the postnatal period; this correlated with hormone levels, which peaked in late pregnancy and fell postpartum (18) . These data suggest a role for CRH and the HPA axis in the interaction between antenatal mood states and obstetric events. Maternal depressive symptoms were associated with the following: increased life stress (P < 0.001) decreased social support (P < 0.001) poor weight gain (P < 0.01) use of cigarettes (P < 0.001), alcohol (P < 0.001), and cocaine (P < 0.05).
Allister and others (59) 10 cases, 10 control subjects Prospective cohort study Women with untreated depression had the following: fetuses with an elevated baseline FHR and a 3.5-fold delay in return to baseline FHR after vibroacoustic stimulus presentation significantly higher anxiety levels.
Bergant others (60) 36 cases, 36 control subjects Prospective cohort study A psychosomatic investigation showed that patients with recurrent abortion were significantly more satisfied with their quality of life where leisure time, financial situation, and occupation was concerned, compared with control subjects. Those who had spontaneous abortions owing to a physical disorder had longer relationships with partners and more frequent miscarriages. Eighteen women had successful pregnancy outcomes within 2 years after recurrent miscarriage. These women were significantly younger and had fewer physically related abortions, compared with the 18 women who were still childless. "Psychological factors seem to be of subordinate importance as a cause for recurrent spontaneous abortion," while physical abnormalities in the reproductive system have a more important effect on the success of a future pregnancy.
Bosquet and others (66) 48 cases, 62 control subjects
Interventional study
Maternal depressive symptoms, and maternal state of mind with regard to attachment as associated with mother and child behaviours: greater coherence of mind was associated with a more positive outcome (r 2 change = 0.08, P = 0.05) preoccupied tendencies were repeatedly adversely associated with outcome in the control group depression in mothers as measured by the CESD tended to be associated with hostility in the intervention group (r 2 change = 0.11, P = 0.05).
OR = odds ratio; RR = relative risk; CESD = Centre for Epidemiology Depression Scale; FHR = fetal heart rate Language was negatively associated with number of episodes of maternal depression after delivery (P = 0.01; 95%CI, -0.51 to -0.06).
Sugiura-Ogasawara and others (62) 61 Prospective study
Baseline depressive symptoms were significantly associated with subsequent miscarriage in 10 (22%) of 45 patients with recurrent miscarriages (P = 0.004).
Zax and others (36) 337 Prospective cohort study
Women with neurotic depression had children with lower Apgar scores and experienced more fetal deaths.
Maki and others (70) 12 059 Cohort study Association of maternal depression and criminality in offspring was as follows: for male offspring involved in nonviolent crimes, OR 1.4 (95%CI, 1.0 to 1.9) for violent offenders, OR 1.6 (95%CI, 1.1 to 2.4) for female offspring involved in nonviolent crimes, OR 1.7 (95%CI, 0.9 to 3.3) for violent crimes, OR 0.6 (95%CI, 0.1 to 6.0).
Hammen and others (71) 816 Cohort study Children aged 15 years of mothers with depression were twice as likely to be diagnosed with depression, compared with children of never-depressed mothers (20.1% vs 10.2%, c 2 = 14.05, P < 0.001).
Exposure to maternal depression at any period in the first 10 years equally predicted youth depression if the mother had depression only once (19% vs 10%, c 2 = 6.83, P < 0.001).
Kelly and others (31) 186
Questionnaires and medical records review
Of the women receiving prenatal care,70 (38%) met screening criteria for psychiatric disorders or substance use.
Symptoms were recorded in 43% of the charts, diagnoses in 18%, evaluations in 35%, and treatments in only 23%.
Preti and others (38) 41 pairs Prospective case-control study
Babies of women with depression were more likely than those of control subjects to be small for their gestational age (22 vs 1, c 2 = 4.34, P = 0.03).
Cases were significantly more likely than control subjects to have suffered at least 1 obstetric complication (85% vs 60%, c 2 = 5.03, P = 0.02).
Bleeding during gestation was seen significantly more among cases than control subjects (observed for 4 cases and no control subjects).
Teixeira and others (39) 100 Cohort study Uterine artery resistance index was significantly associated with both Spielberger state anxiety (r = 0.31, P < 0.002) and trait anxiety scores (r = 0.28, P < 0.005). Women with state anxiety scores > 40 (n = 15) had higher mean uterine resistance index than those with scores £ 40 (mean difference with mean resistance index 24%, 95%CI, 12% to 38%, P < 0.0001).
Orr and others (43) 1399 Prospective study Spontaneous preterm birth occurred among 12.7% of those with a CESD score in the upper 10th percentile and among 8.0% of those with a lower score (RR = 1.59). Adjusted OR for an elevated CESD score was 1.96 (95%CI, 1.04 to 3.72).
Mahomed and others (48) 189 Prospective cohort study
Stress hormone levels were associated with maternal anxiety, depression, self-esteem scores, and changes associated with mothers' labour experience and pain: patients who were distressed and required analgesia had higher cortisol levels women who described a more positive labour experience at 24 hours had higher cortisol levels There were no significant correlations between psychological test scores and stress hormone levels labour pain at the time and a more positive recollected labour experience were associated with high cortisol levels.
Josefsson and others (50) 1558 Longitudinal study
Prevalence of depressive symptoms during the following periods: late pregnancy, 17% in the maternity ward, 18% 6 to 8 weeks postnatally, 13% 6 months postnatally, 13%. Correlation between antenatal and postnatal depressive symptoms was r = 0.50 (P < 0.0001).
Appleby and others (54) 76 cases Retrospective study based on population data
Standardized mortality ratio for postnatal suicide was 0.17. Stillbirth was associated with a rate 6 times that in all women after childbirth.
Risks of Untreated Depression During Pregnancy
While conflicting studies exist that either stress or dispute the significance of obstetric complications in women with depression (22, 23) , it is well recognized that there is maternal morbidity and mortality associated with untreated mental conditions (24-28), including suicide attempts (37) . Most researchers have found that untreated depression may have associated obstetric complications and puerperal pathologies (3, 13, 17, 21, (29) (30) (31) (32) (33) (34) (35) (36) . It has been suggested that mental illness may affect a pregnancy by affecting the mother's emotional state. The prevalent idea is that psychopathological symptoms during pregnancy have physiological consequences for the fetus. Gestational hypertension and subsequent preeclampsia have also been linked to mothers with untreated depression during pregnancy (15, 21) . Untreated depression during pregnancy has been associated with such adverse outcomes as spontaneous abortion (37), bleeding during gestation (38) , increased uterine artery resistance (39), low Apgar scores (36), admission to a neonatal care unit (13) , neonatal growth retardation (13, 40, 41) , spontaneous early labour (42, 43) , fetal death (36), low birth weight in babies (15, 17, 34, 38, 44) , babies small for their gestational age (34, 38, 41) , perinatal and birth complications (15, 38, 45) , preterm deliveries (13, 17, 35, 42, 43, 46) , and high cortisol levels in offspring at birth (40, 47) .
Depression has also been linked to such operative deliveries as cesarean section or vaginal instrumental (13) and to a subjective description of labour as more painful and therefore more commonly needing epidural analgesia (18, 48) . Physiology aside, studies have found that mental illness can affect a mother's functional status, her ability to obtain prenatal care, and her ability to avoid unhealthy behaviour. Women suffering from depression are more likely to smoke or use alcohol or other substances, which may confound pregnancy outcome (49) . In this review, we discuss all the above outcomes more thoroughly.
One of the most obvious concerns regarding untreated depression during pregnancy is worsening of the condition itself, which may lead to suicide ideation or attempts. Untreated antenatal depression may be associated with a 50% to 62% risk of a postpartum episode and a worsening of the psychiatric condition (50, 51) . Termination of pregnancy on psychiatric grounds is common (52, 53) . According to the National Depressive and Manic-Depressive Association consensus statement on the undertreatment of depression, 15% of women who do not treat their depression during pregnancy attempt suicide (54, 55) , while 50% to 62% continue to suffer from depression in the postpartum period (55) . Suicide attempts during pregnancy have been described (54, 56) . It has been estimated that depression may be responsible for 30 000 to 35 000 suicides yearly in North America (55) .
Preterm Delivery and Growth Retardation
It has been proposed that psychopathology during pregnancy adversely affects the uterine environment and therefore affects fetal outcome (51). Steer and others found elevated risks for preterm delivery (< 37 weeks), low birth weight (< 2500 g), and babies small for their gestational age (< 10th percentile) among women who had scores of 21 or more on the Beck Depression Inventory (BDI) and who were not receiving active treatment (34) . These researchers also regressed the BDI scores of 389 pregnant women to indicators of poor pregnancy outcome. Among these women, the risk of a poor outcome rose 5% to 7% (P < 0.05) for each point by which the BDI total score increased (34) . In other studies, prenatal stress and depression have been similarly significantly associated with lower infant birth weight and gestational age at birth (34, 35, 44, 57, 58) . A recent study of women with lower socioeconomic status found depression to be associated with restricted fetal growth and babies small for their gestational age (41) . A clear association has been found between increased hypothalamic, pituitary, and placental hormones and the occurrence of preterm labour (42, 46) . Recent studies have suggested that maternal depression is linked with smaller head circumference and lower Apgar scores in offspring (10, 32, 36) . Of growing concern is the effect of perinatal depression on fetoplacental integrity and fetal CNS development (59).
Preeclampsia
Studies have also investigated the link between depression and preeclampsia. Defined as blood pressure higher than 140/100 mm Hg and proteinuria, preeclampsia is a serious pregnancy complication. Strenuous work, depression, and anxiety may increase the risk for this condition, whereas the stress of daily living has not been associated with it. Kurki and colleagues studied 623 nulliparous Finnish women at low risk for preeclampsia. All women had a healthy first trimester and were then tested with standard Beck Depression and Anxiety scales at a median 12 weeks (21). Depression was detected in 30% of the women, which matches with the known prevalence of depression during pregnancy in the Finnish population (21) . Anxiety was detected in 16%, and proteinuric preeclampsia was detected in 4.5%. Depression was associated with an increased risk for preeclampsia (odds ratio 2.5; 95%CI, 1.2 to 5.3), as was anxiety. However, this risk did not increase with higher BDI scores. Multiple logistic regression found depression to be associated with 2.5-fold increased risk for preeclampsia and either depression or anxiety to be associated with a 3.1-fold increased risk for this condition. Depression and anxiety may be harmful through an altered excretion of vasoactive hormones and other neuroendocrine transmitters. This may in turn cause vasoconstriction and uterine artery resistance and, therefore, elevate blood pressure (17, 21) .
Spontaneous Abortion
Several studies have suggested that depression may be a risk factor for spontaneous abortion (29, 37, 60, 61) . Stress and hormones associated with depression, such as CRH and adrenocorticotrophic hormone (ACTH), may interact with T cells or mast cells to produce changes in cytokine production. Because a balance in the nervous and endocrine systems is required to maintain pregnancy, the imbalance caused by depression may be abortogenic (29, 61, 62) . Miscarriage has been hypothesized to be caused by a Th1-Th2 cytokine imbalance, which is suspected to be influenced by psychological factors. Cytokines may play protective roles during pregnancy, and a shift in their relative amounts is thought to activate coagulation, lead to vasculitis, and affect maternal blood supply to the embryo, thereby producing ischemic autoamputation and miscarriage.
Psychological influences on the endocrine and immune systems have been examined, suggesting that a pregnant woman's psychological state can mediate pregnancy outcome through these body systems (15) . While women who experience recurrent spontaneous abortions may present with psychological disorders, whether depression is a causal factor in abortion or whether it is a result is under debate. Several published studies have shown that emotional distress may be associated with recurrent spontaneous abortions and reproductive failure (37, 62) . Conversely, other studies failed to show such association (60) . In a recent study, "women's neuroticism" and current depressive symptoms were found to be negatively correlated with natural killer-cell activity, which is thought to predict miscarriage. Studies have even suggested that pre-and periconceptional psychological state may affect the number of oocytes retrieved and fertilized, as well as a woman's pregnancy and delivery outcome (13) . A study by Sugiura-Ogasawara and others examined whether psychosocial factors influence subsequent miscarriages in women experiencing spontaneous recurrent abortions. Women with a history of 2 or more miscarriages and no live births received a mental status assessment according to the Symptom Checklist-90-Revised (SCL-90-R) psychopathology scale. Data were then examined to see whether women's personality traits (including depression) could predict subsequent miscarriage. Twenty-two percent of participants miscarried, and the miscarriage rate was positively associated with current depression (P = 0.004), neuroticism, interpersonal sensitivity, and psychosis. Only depression showed a statistically significant predictive value for miscarriage. Since it is widely accepted that acute and chronic stress can affect the immune system, this study suggests that the chronic stress of depression may be associated with altered immune system factors, which may affect pregnancy viability (62) .
Fetal Physiology
Ultrasonography has been used to suggest that the fetus of a mother suffering from depression spends more time in sleep and exhibits less body movement than the fetus of a mother without depression (13) . A similar study using ultrasonography suggested that maternal depression may affect fetal heart rate response to vibroacoustic stimulation (59) . This test produces cardio acceleration typical of a healthy fetus and is commonly used to assess fetal well-being. In women with untreated depression, there was a delayed fetal response to a vibroacoustic stimulus applied to the maternal abdomen. In women with depressed BDI scores, fetal heart rate response was reduced. According to the investigators, this could signal alterations in the internal hormonal environment that have implications for postnatal information processing (59) .
Maternal Health-Related Behaviour
It has also been postulated that depression may lead to unhealthy behaviours that can indirectly affect obstetric outcome: depression can manifest in unhealthy lifestyle and coping behaviours during pregnancy; these may then mediate birth outcome (15, 49) . Mental illness may also cause cognitive distortions that affect decision-making capacities; it may therefore be associated with poor attendance at antenatal clinics and substance abuse (49, 63) . Zuckerman and colleagues found a significant association between depressive symptoms during pregnancy and the use of cigarettes, alcohol, and cocaine (49) . Pregnant women with depression are more likely to lack volition to follow physician care regimes. They may not be as well nourished, show affected capacity to make decisions, and suffer from reduced sleep; they may also engage in more unhealthy behaviours than women who do not suffer from depression.
Women with depression may suffer from problems in social function, emotional withdrawal, and excessive concern regarding their future ability to parent (15) . They may report excessive worry about pregnancy and are less likely to regularly attend obstetrical visits or have regular ultrasounds. Because they tend to present with diminished appetite, they therefore have lower-than-normal weight gain throughout pregnancy. They may also demonstrate poor self-care and lack of compliance with prenatal care. Conversely, women without depression are more likely to be proactive about health care in pregnancy (15) . Women with depression tend to use prenatal vitamins less often than women without depression and to be less informed about the value of folic acid (49) . Women suffering from depression show lack of initiative and motivation to seek help, as well as a negative perception regarding any potential benefit of obstetric services (49, 64) . These behaviours may all increase the risk for adverse pregnancy outcome. Severe depression also carries the risk of self-injurious, psychotic, impulsive, and harmful behaviours. If left untreated, depression during pregnancy has been known to deteriorate into acute forms of other psychiatric disturbances (4).
Perinatal Development
Stress during pregnancy has a suggested association with delayed developmental milestones in offspring (as well as with clinging, crying, hyperactivity, low frustration threshold, unsocial behaviour, schizophrenia, and attention-deficit hyperactivity disorder) (46) . Depression during pregnancy is currently being studied in this context (65) .
Neonatal Neurobehavioural Effects
Following birth, depression in women may be associated with reduced attachment, reduced parent-child bonding, and delays in offsprings' cognitive and emotional development (10, (66) (67) (68) . Lower language achievements and long-term behavioural problems may also be seen in some children whose mothers suffered from depression (66) . Mothers suffering from depression report inability to carry out maternal duties far more often than do their counterparts without depression, and their infants show irritability, hostility, and erratic sleep (40) , as well as an enhanced stress response (66) . Infants whose mothers suffer from depression have been found to have reduced brain electrical activity across the left frontal lobe, a region of the brain associated with such positive emotions as joy. A review by Wisner and others argued that untreated depression is associated with inconsolability and excessive crying of offspring at birth (65) . Maternal state of mind may powerfully affect parenting behaviour, even immediately following birth. It has also been speculated that, owing to disruptions in the caretaking environment, children of mothers with depression are at increased risk for internalizing problems (65) . Such children reported more internalizing symptoms on the Dominic Interactive questionnaire, a pediatric DSM-III-R mental disorders scale (47) . In a study by Nulman and colleagues, postpartum maternal depression-not the use of fluoxetine or tricyclic antidepressants during pregnancy-predicted lower cognitive and language development in preschool offspring (69) .
Infant Stress Hormone Levels
One study investigated the stress hormone levels of children whose mothers suffered from depression (47) . The hypothesis underlying this study was that disruptions in early caretaking could have long-term repercussions for the HPA axis, which mediates stress response. Salivary cortisol levels were measured in offspring of mothers with and without depression. These samples were taken after arrival at the laboratory, after a laboratory stressor, and during a normal day outside the laboratory. Offspring of mothers with depression showed elevated baseline cortisol levels as well as elevated response to the stressor. In response to a fear-potentiated paradigm, children of mothers with depression had a higher cortisol elevation. This study concluded that maternal depression in the first 2 years of life may be associated with high cortisol levels in offspring. That elevated cortisol is found in children of mothers suffering from depression has also been noted in another study (40) . These findings suggest increased baseline stress and decreased coping with stressors that present in the child's life.
Psychopathology in Offspring
In other studies, children of mothers suffering from depression showed an increased risk of behavioural and emotional problems, including affective disorders. A 2003 study has also suggested a significant association with criminality in offspring of mothers with antenatal untreated depression (70) . Further, studies have found that these children are 6 times more likely to develop depression than are children of mothers without depression, suggesting that genetic susceptibility has a role, in addition to environment (71) .
Conclusion
The biological dysregulation that occurs in depression may not be ideal for pregnancy. Despite this, most studies tend to focus on the risks to obstetric outcome of psychotropic medications, rather than on the risks of untreated depression. Very few studies consider nonpharmacologic therapy during pregnancy. This imbalance may lead women who suffer from depression to refuse treatment because they fear teratogenic effects. They are not aware that they potentially put their pregnancy and their baby at risk, especially when so few receive psychotherapy. When patients refuse treatment during pregnancy, we recommend that they be monitored to assess for such possible adverse outcomes as suicidal tendencies, deteriorating social functions, psychosis, and inability to comply with obstetrical evaluations (5) . Given the potential impact of antenatal mental disturbances on maternal and infant outcomes, pregnant women require further psychiatric evaluation and treatment within the obstetrical sector. The perinatal period can become a critical time to screen for and identify depression, since pregnant women have increased contact with health services. Finally, when making clinical decisions, clinicians should weigh the growing body of literature suggesting potential adverse effects of untreated depression during pregnancy against the literature that has failed to find risks associated with in utero antidepressant exposure. 
